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增殖、分化的影响，分析其与 ALL 患者临床特征的关系，我们设计了本实验。 
方法： 
1.收集 55 例初治急性淋巴细胞白血病患者（其中儿童 23 例、成人 32 例）
做为实验组，20 例非恶性血液病患者（其中儿童 10 例，成人 10 例）做为对照
组。通过实时荧光定量 RT-PCR 及 Western blot 方法检测 SLC25A38 基因在 mRNA
和蛋白表达水平的变化。分析 SLC25A38 蛋白表达与 ALL 患者初诊时临床特征、
化疗反应和疗效之间的关系。对部分成人 SLC25A38 蛋白表达阳性患者进行随
访，检测不同疾病状态下 SLC25A38 蛋白表达水平的变化。 
2.用含10%胎牛血清的RPMI-1640培养基体外培养骨髓瘤细胞株（RPMI 8226
及 U266 细胞）和白血病细胞株（K562、MOLT-4 及 Jurkat 细胞）。通过 Western 
blot 方法检测 SLC25A38 蛋白在各细胞株的表达水平，同时检测 Notch1 蛋白在
各细胞株和成人 ALL 患者中的表达水平。 
3.以高表达 SLC25A38 蛋白的 Jurkat 细胞为模型，构建针对 SLC25A38 基因
的 shRNA,转染 Jurkat 细胞并经 G418 筛选出稳定转染株。实验分 4 组：
SLC25A38-shRNA1 组（Sh1 组）、SLC25A38-shRNA2 组（Sh2 组）、scramble-shRNA





















1. SLC25A38 基因在 ALL 细胞中的表达：mRNA 水平分组中，将对照组 mRNA
相对表达量设定为 1。儿童组中<1 组 ALL 患儿 SLC25A28 mRNA 的相对表达量为
0.2659±0.2874，>1 组的相对表达量为 3.1418±1.0607，两组 SLC25A38 mRNA
的相对表达量差异有统计学意义（P<0.0001)。成人组中<1 组 ALL 患者 SLC25A28 
mRNA 的相对表达量为 0.3200±0.3382，>1 组的相对表达量为 1.6707±0.6094，
两组 SLC25A38 mRNA 的相对表达量差异有统计学意义（P=0.0003)。蛋白水平分
组中，儿童ALL组 SLC25A38蛋白阳性率34.78%（8/23）；成人组蛋白阳性率46.9%
（15/32）；20 例对照组均未检测到 SLC25A38 蛋白表达。 
    2.临床特征、治疗反应和疗效：mRNA 水平分组中，儿童及成人小于对照组
（<1 组)与大于对照组（>1 组)两组患者在性别、年龄、免疫分型、初诊时外周
血白细胞数、血红蛋白量、血小板、骨髓原始细胞数等临床特征之间的差异均





人 ALL 组 SLC25A38 蛋白表达阳性组较阴性组初诊时外周血白细胞数升高
（P<0.05)，而两组在性别、免疫分型、初诊时外周血血红蛋白数、血小板、骨
髓原始细胞数之间的差别没有统计学意义（P>0.05）。 




















4.白血病细胞株中 SLC25A38 蛋白的表达：5 种骨髓瘤或白血病细胞株均表
达 SLC25A38 蛋白，其中以 Jurkat 细胞表达量最高。 
5.对 Notch 蛋白表达的影响：对各骨髓瘤或白血病细胞株及成人 ALL 样本
同时检测Notch1蛋白发现，SLC25A38蛋白与Notch1蛋白在各细胞株及成人ALL
样本中均存在共同表达。 
6. SLC25A38 基因沉默对白血病细胞増殖的影响：MTT 结果表明，Sh1 组和
Sh2 组细胞的 OD490值明显高于阴性对照组和空白对照组，差异具有统计学意义
沉默 SLC25A38 基因后 Jurkat 细胞的增殖加快。 
7. SLC25A38 基因沉默对白血病细胞周期影响：流式细胞仪检测细胞周期
结果表明，Sh1 组和 Sh2 组细胞 G0/G1 期比例减少，S 期与 G2/M 期比例增加，
表明基因沉默后 Jurkat 细胞生长加快。 
8. SLC25A38 基因沉默对白血病细胞凋亡影响：SLC25A38 基因沉默后，各
组细胞凋亡率比较差异无统计学意义（P>0.05）；给予不同浓度阿霉素作用后，
Sh1 组和 Sh2 组细胞只比对照组细胞凋亡率有所上升，但差异无统计学意义
（P>0.05）。 
结论： 
1.SLC25A38 基因异常表达在儿童和成人 ALL 中是一种普遍的现象，但 mRNA
表达与蛋白表达水平不一致。 
2.SLC25A38 蛋白高表达与 ALL 患者外周血白细胞数等临床特征相关，且与
ALL 肿瘤负荷有关。 
    3.通过 shRNA 技术成功靶向沉默 SLC25A38 基因可以促进 Jurkat 白血病细
胞増殖，对细胞凋亡过程无显著影响。 





















Acute lymphoblastic leukemia(ALL) is a malignancy of hematopoietic stem 
cell origin. In recent years, targeted killing therapy has become the development 
trend of ALL treatment, analyse the mechanism, searching for new therapeutic 
targets become a research hotspot of ALL. The solute transport protein family (SLC) 
is one of the largest class of intracellular transport protein family. Its main function 
is to mediate the solute transport between mitochondrial matrix and film clearance or 
film clearance and cytoplasm, to ensure the material needed for the normal operation 
of mitochondria. SLC25A38 gene, which is located on chromosome 3p22, is 
considered to be an amino acid carrier. Preliminary studies confirmed that 
SLC25A38 is closely related to apoptosis and degeneration of nerve cells. The 
overexpression of SLC25A38 protein in hematopoietic organs (embryonic rat liver 
and bone marrow), speculated that it is closely related to the physiological functions 
of hematopoietic stem cells. To study the SLC25A38 gene expression in ALL and its 
relationship with the clinical features of patients with ALL, and to explore the 
SLC25A38 protein expression influence to the raised and apoptosis of ALL cells, we 
have designed this experiment. 
Methods:  
1. Collection 55 cases of patients with initial acute lymphoblastic leukemia 
(including 23 cases of children and 32 cases of adults) as experimental group, 20 
cases of patients with non hematologic malignancies (including 10 cases of children 
and 10 cases of adults) as control group. By real-time fluorescence quantitative 
RT-PCR and Western blot method for detecting SLC25A38 genetic changes in 
mRNA level and protein expression. Analysis the relationship between SLC25A38 
protein expression and the clinical features, chemotherapy response and curative 

















SLC25A38 protein expression, testing the SLC25A38 protein expression level under 
different disease states. 
2. RPMI 8226 and U266 (the MM cell lines), and K562, Molt-4 and Jurkat 
(leukemia cell lines) cells were cultured at RPMI-1640 medium, supplemented with 
10% fetal bovine serum (FBS). By Western blot method to detect the SLC25A38 
protein expression level in each cell lines, while detecting the Notch1 protein 
expression in cell lines and ALL patients samples. 
3. With high SLC25A38 protein expression Jurkat cells as the model, build the 
shRNA for SLC25A38 gene, transfecting Jurkat cells and screening stable 
transfection strains by G418. Experiments divide into 4 groups: SLC25A38-shRNA1 
group (Sh1 group), SLC25A38-shRNA2 group (Sh2 group), scramble-shRNA group 
(NC group) and Jurkat blank control group (Ctrl group). Detection each SLC25A38 
protein expression and mRNA levels by Western blot and RT-PCR. Detect the cell 
proliferation by MTT method, detecting the cell cycle and cell apoptosis by flow 
cytometry. Given different adriamycin concentrations, after that detect the apoptosis 
changes under the action of different concentration of adriamycin by flow cytometry. 
Results:  
1. The SLC25A38 gene expression in ALL patient samples: In mRNA level 
group, set the relative SLC25A38 mRNA expression level of control group is 1. In 
infant ALL patient samples, the relative expression level of SLC25A38 mRNA was 
0.2659±0.2874 in <1 group, while that was 3.1418±1.0607 in >1 group. There was 
significant difference of statistical significance between the two groups（P<0.0001). 
In adult ALL patient samples, the relative expression level of SLC25A38 mRNA was 
0.3200±0.3382 in <1 group, while that was 1.6707±0.6094 in >1 group. There was 
significant difference of statistical significance between the two groups（P=0.0003). 
In protein level group, the positive rate of SLC25A38 protein were 34.78% (8/23) in 
infant ALL patient group; 46.9% (15/32) in adult ALL patient group. There were no 

















2. Clinical characteristics, treatment and curative effect of response: In infant 
and adult mRNA level group, the patient samples in clinical characteristics such as 
gender, age, immune classification, white blood cell count in peripheral blood, 
peripheral blood hemoglobin, platelet and primitive bone marrow cells in less than 
control group (< 1 group) and greater than control group (> 1 group) were no 
statistical significance (P>0.05). In infant ALL patient samples, there were 
statistically significance in gender, immune classification, white blood cell count in 
peripheral blood and lactate dehydrogenase between SLC25A38-positive group and 
SLC25A38-negative group (P<0.05), but there were no significance in age, number 
of peripheral blood hemoglobin, platelet, primitive bone marrow cells, the 
hepatomegaly, splenomegaly, lymphadenectasis, bleeding, CNSL/TL, prednisone 
reaction, complete remission rate and recurrence rate between the two groups 
(P>0.05). While in adult ALL patient samples, the while blood cell count in 
peripheral blood were higher in SLC25A38-positive group compared with 
SCL25A38-negative group (P<0.05), but no significance in gender, immune 
classification, number of peripheral blood hemoglobin, platelet and primitive bone 
marrow cell number between the two groups. 
3. Protein levels and tumor burden: Two adult ALL patients that were positive 
for SLC25A38 were analyzed and the level of SLC25A38 significantly reduced or 
disappeared following combined chemotherapy, however, reappeared upon ALL 
recurrence. The expression level was identified to be associated with the proportion 
of blast cells in the bone marrow. 
4. Expression of SLC25A38 protein in leukemia cell lines: Overexpression of 
SLC25A38 protein was observed in four cell lines. 
5. The impact on the Notch1 protein expression: Notch1 protein expression was 
analyzed in the cell lines and the patient samples. Notch1 and SLC25A38 proteins 
were co-expressed in the cell lines and ALL patient samples. 
6. SLC25A38 gene silencing effects of the proliferation of leukemia cells:MTT 

















higher than that of negative control group and blank control group, the difference is 
statistically significant. Silence SLC25A38 gene accelerate the proliferation of 
Jurkat cell lines. 
7. SLC25A38 gene silencing effect on leukemia cell cycle: Flow cytometry 
showed that the G0/G1 phase rates of Sh1 group and Sh2 group decreased; S phase 
and G2/M phase rates rised, showing that SLC25A38 gene silencing promote the cell 
growth of Jurkat cell lines. 
8. SLC25A38 gene silencing effect on leukemia cells apoptosis: There were no 
statistical significance for apoptosis rate in different groups (P>0.05). The apoptosis 
rate only have a little bit increased in Sh1 group and Sh2 group after given different 
concentrations of adriamycin (P>0.05). 
Conclusion: 
1. Abnormal expression of SLC25A38 gene is a common phenomenon in infant 
and adult ALL patients, but SLC25A38 protein expression and mRNA level were 
inconsistent.  
2. High SLC25A38 protein expression level were related to the clinical 
characteristics such as peripheral blood leukocyte number of ALL patients, and with 
the tumor load of ALL. 
3. ShRNA technology can successfully targeting SLC25A38 gene and can 
promote the proliferation of Jurkat cell lines, but had no significant effect on cell 
apoptosis process. 
4. SLC25A38 gene silencing does not affect the doxorubicin chemotherapy 
sensitivity of Jurkat leukemia cell lines. 
5. SLC25A38 gene play a role of tumor suppressor genes in proliferation 
mediation of leukemia cells. 


















摘 要 ................................................... I 
ABSTRACT ............................................... IV 
英文缩略词表 ........................................... IX 
前 言 ................................................... 1 
第一部分 ................................................ 3 
SLC25A38 基因在急性淋巴细胞白血病细胞中的表达及其临床意义 3 
材料与方法 .................................................... 3 
结 果 ........................................................ 14 
讨 论 ........................................................ 24 
第二部分 ............................................... 28 
ShRNA 靶向沉默白血病细胞中 SLC25A38 基因方法的建立 ....... 28 
材料与方法 ................................................... 28 
结 果 ........................................................ 35 
讨 论 ........................................................ 39 
第三部分 ............................................... 41 
ShRNA 靶向沉默 SLC25A38 基因对白血病细胞增殖、凋亡、化疗敏感
性的影响 ............................................... 41 
材料与方法 ................................................... 41 
结 果 ........................................................ 45 
讨 论 ........................................................ 50 
参 考 文 献 ............................................ 53 
附 录 .................................................. 60 


















Table of Contents 
Abstract in Chinese ............................................................................. I 
Abstract in English ............................................................................... IV 
Abbreviating Words ............................................................................. IX 
Introduction ............................................................................................ 1 
Chapter 1 ................................................................................................. 3 
SLC25A38 gene expression in acute lymphoblastic leukemia cells 
and its clinical significance .................................................................... 3 
Materials and methods ....................................................................................... 3 
Result ................................................................................................................. 14 
Discussion .......................................................................................................... 24 
Chapter 2 ............................................................................................... 28 
ShRNA silence SLC25A38 genes in leukemia cell method is 
established ............................................................................................. 28 
Materials and methods ..................................................................................... 28 
Result ................................................................................................................. 35 
Discussion .......................................................................................................... 39 
Chapter 3 ............................................................................................... 41 
ShRNA silence SLC25A38 gene influence leukemia cell proliferation, 
apoptosis, and chemosensitivity .......................................................... 41 
Materials and methods ..................................................................................... 41 
Result ................................................................................................................. 45 
Discussion .......................................................................................................... 50 
References .............................................................................................. 53 
Appendix ............................................................................................... 60 



















缩略词  英文全称   中文全称   
AL acute leukemia 急性白血病 
ALL acute lymphoblastic leukemia 急性淋巴细胞白血病 
AP ammonium persulfate 过硫酸铵 
cDNA complementary deoxyribonucleic acid 互补 DNA 
CR complete remission 完全缓解 
CT threshold cycle 循环阈值 
DMSO dimethyl sulphoxide 二甲基亚砜 
FBS fetal bovine serum 胎牛血清 
FCM flow cytomytry 流式细胞术 
GFP green fluorescent protein 绿色荧光蛋白 
LDH lactate dehydrogenase 乳酸脱氢酶 
mRNA messenger ribonucleic acid 信使 RNA 
OD optical Density 光密度 
PAGE polyacrylamide gel electrophoresis 聚丙烯酰胺凝胶电泳 
PBS phosphate buffered solution 磷酸盐缓冲溶液 







real-time reverse transcription 
polymerase chain reaction 
实时定量逆转录聚合酶链
式反应 
RPMI-1640 rosswell park memorial institute-1640 RPMI-1640 培养基 






















成人 ALL 比较少见，约占成人急性白血病的 15%-25%。半个世纪以来，临床逐
步采用形态学、免疫学、细胞遗传学、分子生物学及临床特征综合分型，不断
补充预后因素，完善危险度分级，研发新药，优化治疗方案和治疗策略，显著
提高了 ALL 患者的治疗疗效。随着联合化疗方案的逐步改善，儿童 ALL 5 年无
事件生存（event-free survival，EFS）率高达 80%-90%[1-3]，但仍有 20%-30%





    细胞和分子遗传学改变是一个复杂而庞大的基因网络系统，人类对其的认



























依据，从而提高 ALL 治疗疗效和长期存活率,是目前研究的热点之一。 















































-ALA/glycine 转运的失调，从而影响血红素的合成[16-18]。Zhang 和 Xu 等[19]研究
结果证实，SLC25A38 蛋白在 caspase 依赖性内源细胞凋亡过程中具有重要作用，
并发现该蛋白在造血器官（胚鼠肝脏和骨髓）[19]，提示 SLC25A38 基因表达可能
与造血细胞的増殖分化调节有关，目前尚无 SLC25A38 基因在白血病细胞中表达
的研究报道。本实验应用实时荧光定量 RT-PCR 和 Western blot 技术分析了 ALL





1.1 儿童标本：2011 年 11 月至 2013 年 2 月在厦门大学附属厦门第一医院
儿科及本院血液科初诊的 ALL 患儿 23 例，其中男性 14 例，女性 9 例，年龄 10
个月-12 岁，中位年龄 4 岁。所有患儿均经骨髓穿刺术检查确诊，其分型参照
诊疗建议[20]根据骨髓细胞形态学、细胞遗传学、免疫学和分子生物学检查结果
确定，包括 T细胞来源急淋 5例，B细胞来源急淋 18例，其中 2例表现为 BCR/ABL
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